Abstract-Generally, the radio channel quality of a wireless sensor network (WSN) is unstable in harsh environment. For instance, in maritime search and rescue, the nodes of WSN move dynamically, the topology changes with respect to the time and the communication link changes frequently as well. What is more, the given communication distance of nodes can limit the efficiency of routing. In view of these characteristics of wireless sensor networks in a harsh environment, environment adaptive clustering opportunistic routing protocol (EA-COR) is proposed in this paper to improve the unstable communication quality of harsh environment. EA-COR is based on the idea of clustering which combines with the advantages of opportunistic routing. Simulation results show that in a harsh environment EA-COR performs better than the traditional clustering routing and opportunistic routing in the aspects of network throughput, energy efficiency, and packet transmission efficiency.
INTRODUCTION
Wireless sensor networks (WSNs) are composed of a lot of low cost and low power consumption sensor nodes which are equipped with perception, computing and communication capabilities. Several nodes of WSN can self-organize into an ad-hoc network to collect and send the information such as the location, environment status, vital signs. It can unite the physical world, computing world and the human society together. Most of related researches are based on a static WSN, such as forest fire prevention, building monitoring, and landmark detection and so on. In these circumstances, the nodes of networks will not move and the network topology will not change over time. Therefore, the transmission efficiency of a WSN is higher than the one in dynamic harsh environment. Harsh environments are environments with unstable wireless channel and high dynamic topology changes.
In some application areas, such as the maritime search and rescue, due to the various objective factors at sea, including wind, ocean current, tide and wind waves, the quality of the wireless channel can be very poor. The sensor nodes are undulant with the wave at sea [1] , and correspondingly, a highly dynamic topology of the network is resulted. The network faces a lot of stability issues such as the incompleteness and randomness coverage of the network, which will have great influence on the efficiency of WSN routing performance. So the traditional routing is no longer applicable to such kind of harsh environment.
Currently, many experts have paid considerable efforts to the routing protocols of WSN. For different environments, there are many specific routing protocols, in recent studies, some routing protocols can be considered to apply into such harsh environments, for instance, geographic location based routing protocol, clustering routing protocol, opportunity routing protocol, etc. They have their own advantages in different application scenario.
Considering the characteristics of the actual situation on the sea, a harsh environment adaptive routing protocol is proposed in this paper on the basis of extensive researches. This routing protocol intends to overcome the poor channel quality and the high dynamic situation in maritime search and rescue. The simulation results have proved thisrouting protocol has effectively improved the routing efficiency of harsh environment with high energy efficiency, large throughput and strong extensibility.
In this paper, the other parts are organized as follows: Section 2 introduces the related research works; Section 3 introduces the proposed routing protocol; Section 4 shows relevant simulation experiments; Section 5 is the conclusion.
II. RELATED WORK
There are many typical routing protocols nowadays, and they have different characteristics for different application scenarios. In this article, we've selected out several possible routings for harsh environments and give a view of them. Clustering routing protocol can facilitate the management of nodes. Nodes of the network are divided into several clusters in a clustering routing protocol. Each cluster consists of a cluster-head and several cluster members, the cluster-head is responsible for the integration of data of the cluster and the cluster members are responsible for collecting information and sent to cluster-head. LEACH [2] (low energy adaptive clustering hierarchy) is the first clustering routing protocol of WSN. It defined a threshold to select cluster-heads. But it is used in a network with good link quality. And there are many improved routing protocols based on LEACH, but neither of them is suitable for harsh environment. Anitha, R.U. [3] proposed a cluster based routing protocol named ECBR-MWSN in 2013, it extend LEACH'S stochastic cluster-head selection algorithm by a deterministic component. This protocol was proposed to enhance the routing efficiency of mobile WSN, but it requires every sensor node is capable of communicating with every other sensor node, which is impossible in harsh environment. Opportunistic routing protocol is a routing technology for wireless multi-hop network which takes advantage of wireless broadcast nature. It broadcasts a packet and sets up a forwarding nodes set, the node with highest priority send data. In 2004, this new concept was proposed by Biswas S of MIT in ExOR [4] （extremely opportunistic routing, this protocol had improved the rate of packet forwarding in bad link quality environment, but it was based on the entire network link-state, and nodes of the network had to periodically broadcast its ETX value to the entire network, which led to weak extensibility. In harsh environment, we may need to set forward nodes lists frequently, so it is easy to lead to a node to die because of the frequently involvement of listing. And after that, many scholars have made various improvements of EXOR, for instance, [5] is a quality aware opportunistic routing protocol (E-adaptive), it has a better performance in end-to-end delay and energy efficiency, but it is applied into a static network. In GeRaF [6] (geographic random forwarding) routing protocol, nodes could sleep and wake up automatically, it could control the routing overhead better, but it needed to know the location of each node, which was very difficult in the harsh environment. In [7] , link quality and energy have been taken into account both, but t is applied to AODV routing protocol.
M. Viswanathan [8] has designed a modified algorithm which used On-Demand Opportunistic Group mobility based clustering (ODOGMBC) for forming the cluster and predicting the cluster mobility by neighborhood update algorithm. It had taken mobility into account, but it was a kind of AODV. CBF [9] (cluster-based forwarding) is an opportunistic forwarding method based on clustering, CBF took full advantage of the full chance of success transmission of a packet to reduce the number of packet retransmission, and had improved the success rate of transmission and the forwarding rate of a single hop link. But the forward rate was not high as a whole. UCOR [10] is an unequally clustering-based hierarchical opportunistic routing protocol, but it was designed for large scale net-work which has hundreds of clusters. There are also many underwater routing protocols, as mentioned in [11] , but they all focus on underwater communication, while the application environment of this paper is on the water.
These researches can bring us some idea of wireless sensor network routing protocol in harsh environment. In maritime search and rescue, goods or people take along sensor nodes. After shipwreck, sensor nodes may not be stable because of the wave and the wind, and the link quality is poor because of the influence of atmospheric pressure. We need an adaptive routing protocol which is suitable for mobile wireless sensor networks in harsh environment with high efficiency, high data forwarding rate. This article has proposed a clustering opportunistic routing protocol on the basis of a large number of related researches, namely EA-COR.
III. SET OF CLUSTER

A. Selection of Cluster-Head
We set maritime search and rescue environment as application scenario. After the shipwreck, we throw some nodes with enough energy. Nodes are randomly distributed in a region, unlike other scenarios, the purpose of this application scenario is to send information to base station instead of continuously monitoring.
We select cluster-heads in these nodes which are attached to the life jackets or goods. The nodes are managed based on unequal clustering to ensure all nodes can be covered in the rescue. As shown in figure 1, LEACH (Low-energy adaptive clustering hierarchy) is a typical clustering routing protocol. The core idea of LEACH is randomly selecting sensor nodes as cluster-heads, so the high-energy dissipation in communicating with the base station spreads to all sensor nodes in the wireless sensor network. A sensor node randomly generates a number between 0 and 1, and compares with the threshold:
where P is the desired percentage to become a clusterhead; r is the current round, round G is the set of nodes that have not been selected as a cluster-heads in the last 1/P rounds. If the random number is less than T(n), this node is selected as a cluster-head. The design of the threshold can guarantee the probability to be cluster-head of every node, thus it can balance the consumption of energy. Cluster-heads broadcast messages, ordinary nodes who have received the messages form a cluster with the nearest cluster-head. This mechanism need less interaction information and less energy consumption, and it is simple in calculation. In order to balance power consumption of nodes, this algorithm is based on two assumptions: (1) The initial energy of each node has been equalized; (2) The cost of energy is the same no matter which node is the cluster-head. However, due to the changing size of each cluster and the distance of cluster-heads to the base station, assumption (2) does not conform to the reality.
In order to overcome the weakness of LEACH, DCHS [12] (deterministic cluster-head selection) took energy consumption into account, got the improved T(n): 
Combined with the equation (2),
 
Tn can be redefined as :
where  can get from equation (4).
B. Forming of Cluster
In this article, when the cluster-head has been settled, the cluster-head broadcasts a "hello" packet, we set T_max=1, Neighbor nodes keep listening before they hear the "hello" packet. Nodes who received the "hello" packet save the value of T(n). If the value of T(n) of nodes is less than hello, then the cluster-head set its cluster. Every once in a while, the nodes in the network reset new clusters, the communication capacity of the network can almost stay the same even if some nodes join and exit .
The pseudo-code of the process of forming the cluster is as follow, k is the rotation frequency of cluster. Energy calculation uses the following model [13] : Node a send k bytes of data to another node b while using the following formula to calculate the energy consumption:
where d is the distance between node a and node b. The energy consumption of wireless receiving device for b to receive the message is:
IV. OPPORTUNISTIC FORWARDING PROCESS
A. Selecting Forwarding Nodes List Process
After the set of clustering, the bundle of the data which the cluster-head organized will be sent outside of the cluster. First, we choose a forwarding strategy. In a dynamic environment, such as at sea, because of the impact of storms, waves and so on, the nodes will be floating, then the link status may change, there does not always have a reachable path between two nodes, so the traditional routing is no longer applicable in harsh environment.
Opportunistic routing decides the selection of next hop autonomously by the competition of the potential relay nodes, as shown in figure 2, there is a digraph G={N, L}, N is the number of nodes in the network, L is the link between the nodes. S is the source node, D is the destination node, a, b, c, d are intermediate nodes, a, b, c, d are in the effective communication distance of node S, named potential relay nodes. When S has data to send, it sends a "hello" packet to its neighbor nodes, a, b, c, d hear the broadcast, receive the packet and set up a forwarding nodes set list. Then they send ACK (Acknowledgement) to S according to the priority order. Then node S sends the packet to the node which has the highest priority. If the node fails, the next priority node takes the work until the packet has been transmitted successfully.
Second, we build a new routing metric. In response to the special environment at sea, we put forward a new routing measures.
We can see from the forwarding process that the crucial work is to set up a best forwarding nodes set list. As a result, many scholars put forward a variety of measures to set up the forwarding nodes set. At present, several typical measures are based on geographic location, hop count, ETX [14] , EAX, etc. 
where the numerator is EPA (Expected Packet Advancement) [16] , N() k r consists of a series of forwarding relay nodes, 1 i , 2 i ... The crucial task of maritime search and rescue is to send information to the base station. Many researches mainly focus on reducing energy to ensure the life-time of the network. In this paper, we proposed a modified routing measure. To select a relatively stable a link, the mobility of nodes will be taken into account.
According to Chenchen [17] , at some point  (at a time ), we define the status of node j is
where () s  is the horizontal and vertical coordinates of the mobile node j in the Cartesian coordinate system. () x  , () x  is the speed and acceleration of the corresponding direction of node j which can be acquired from the acceleration sensor. Then after interval time t, we can get the estimated location of node j at time  +t:
The moving cost of each node is
We define M is total the moving cost function, so 
B. Forwarding Process
The general forwarding process of opportunity routing protocols is not applicable in harsh environment. In this article, we proposed a better forwarding process to ensure the routing efficiency. In traditional opportunistic routing protocol, if a lower priority node heard that a higher priority node had sent ACK, it discarded the packets they received. If the source node hadn't received an ACK for a period of time, it retransmits the packets.
We bring in the idea of clustering into opportunistic routing, nodes in clusters can hear each other's information, packets can be sent in one hop, the energy of the cluster head is the most abundant, signal is also the best.
Before sending a packet, a node will calculate its corresponding E(N ( )) k r value according to the routing table information link transmission probability, then it works out a forwarding nodes list with priority based on E(N ( )) k r value, but in harsh environment, if a node begins to perform this process once it needs to send information may lead congestion. Constantly listing forwarding nodes set also may cause some nodes to die by excessive forwarding or participating in the listing process. So when the cluster-head receives the packets, it organizes them into a bundle to reduce the interaction, and then broadcast by the cluster-head to the outside of the cluster.
And considering the mobility of the nodes, some members of a cluster may detach from the cluster after a period of time. EA-COR sets up a forwarding timer (TCP timer) to reset the clusters, it can make the clusterhead election process started in a certain interval.
After a bundle of data has been integrated by a clusterhead (as the source node), the cluster-head send a "hello" packet to the nodes out of the cluster. Then nodes who have received "hello" check whether they are in the forwarding nodes set or they are the destination node, if they find themselves in the forwarding nodes, they send ACK to the source node, and forward the bundle which the source node send to them afterwards. In this way we can timely update the information of the network. If the current node is the destination node, it sends an ACK to source node, then the forwarding process is done. At this time, the certain range of neighbor nodes (nodes in the clusters of the source nodes) will restart the election of cluster-heads.
If there are no nodes need to send any information in the clusters, the cluster-heads continue to maintenance the routing table in the cluster, and updates the link status information on a regular basis. Algorithm designs as follows: 50nJ bit elec E  ／ ; Then we set the radius of the clusters rad=20 m, Packet size is 500 byte, the broadcast packet size is 25 byte, the initial energy of every node 2 J, the collection time of each round is n=5.
In this paper, three kinds of protocols are compared from the following three aspects:
(1) Network throughput; (2) Packet forwarding rate, namely the routing protocol packet transmission efficiency; (3) Energy efficiency. Figure 3 is the throughput performance of different hop count of EA-COR, E-adaptive and ECBR-MWSN, the total packets number is 200, there are 20 packets in one bundle, as can be seen from the figure 3, with the number of hop counts increasing, the number of the packets which been forwarded increases, and the throughput will decrease, but we compare the same hop count, we can clearly see that EA-COR is better than the other two. In large-scale wireless networks, the distance of the source and destination node of global optimal forwarding node list is relatively bigger than small scale, the link quality and status can not be updated in time, forward list is not optimal. EA-COR has simplified the existing opportunities routing protocol's forwarding process, it can effectively manage the nodes. As we can see, from 40 to 200, the forwarding rate of ECBR-MWSN goes up with EA-COR, but it is always lower than EA-COR, because the path of its routing may not available, also, the growth rate of its data forwarding rate is decreasing. From 40 to 120, E-adaptive and EA-COR get higher rate than ECBR-MWSN because they can autonomously select the best next-hop nodes through the competition of multiple potential relay nodes, they set up a forwarding nodes list with priority, which can make the best of wireless channel characteristic to improve the packet forwarding rate. But along with the increasing of the nodes' number, network scale gradually expanding, the efficiency of E-adaptive protocol decreased, from 120 to 200, it is lower than ECBR-MWSN. Apparently, as the nodes' number increased, the forwarding lists became larger and larger, so the transmission efficiency of valid data is badly affected. Figure 5 indicates that in the case of average energy cost, EA-COR has the best performance. The forwarding strategy of EA-COR can give consideration to both energy consumption rate and the link status, and also balance the node energy consumption effectively. Eadaptive and ECBR-MWSN both have defects. Nodes are highly dynamic in our hypothetical harsh environment, ECBR-MWSN can't effectively cope with the bad quality of the wireless channel, which may lead to transmission failure. E-adaptive can't manage to organize nodes effectively, so it costs much energy when the scale of nodes increases.
VI. CONCLUSION
In this paper, we apply a clustering opportunistic routing protocol of wireless sensor network into a harsh environment on the basis of a large number of related researches. This article has two parts: the clustering process and forwarding process. The proposed routing protocol EA-COR introduces a clustering technology into opportunistic routing protocol and limits the changing scope of link's grouping-updating to reduce the interactive grouping of routing information. The formation of the cluster can reduce the routing overhead.
In addition, EA-COR can take full advantage of opportunistic routing and cluster-based routing while considering the effect of broadcast nature, node mobility and packet loss characteristics in wireless sensor network. The simulation results show that EA-COR can improve the network's throughput and energy efficiency, and increase the transmission rate. Thus, it is better to adapt into harsh environments. 
